We obtain the event horizon of extremal Kerr black hole in noncommutative spaces.
wherex are the coordinate operators and θ ij is the noncommutativity parameter and is of dimension (length) 2 . In noncommutative spaces, the usual product of fields should be replaced by the star-product
where f and g are two arbitrary infinitely differentiable functions. In noncommutative spaces we have
In [2, 3, 4] , we have studied the Schwarzschild black holes and ReissnerNordstrom black holes in noncommutative spaces. In this letter we introduce the metric of the Kerr black hole in noncommutative spaces. Given the metric and assuming that the noncommutative parameter (θ ij ) is small, we study the event horizon of the extremal Kerr black hole. Since the noncommutativity of space violates rotational symmetry, our horizon corrections has a preferred direction.
In Boyer-Lindquist coordinates, the metric of the Kerr black hole is given by (G =h = c = 1)
where
Here M is the mass of the Kerr black hole and a is the total angular momentum, denoted by J, per unit mass
Kerr black hole posseses an event horizon located at the radius r = r + such that it is the largest solution of the equation ∆(r + ) = 0
For the extremal Kerr black hole, i.e. M = a, there is an event horizon at r + = M. We introduce the following metric for the Kerr black hole in noncommutative spaces
We note that there is a new coordinate system, see [3] and references therein:
where the new variables read the usual canonical commutation relations
So, if we change the variablesx i to x i in (11), the event horizon of the metric (9) is the largest solution of the equation∆ = 0. This means
, we are led to
where L k = ǫ ijk x i p j . If we put θ 3 = θ and the rest of the θ-components to zero (which can be done by a rotation or a redifinition of coordinates), then L. θ = L z θ. So, we can rewrite (15) as
This equation is a cubic polynomial equation as x 3 +āx 2 +bx +c = 0. Using the three roots r 1 , r 2 and r 3 of a cubic polynomial equation and defininḡ
one can obtain the event horizon of the metric. The three roots r 1 , r 2 and r 3 of a cubic polynomial equation x 3 +āx 2 +bx +c = 0 are given by [5]
Let us simplify perturbative calculations with considering extremal case. In the limit of commutative spaces, i.e. θ → 0, for extremal Kerr black holes we have r 1 = 0 and r 2 = r 3 = M. Therefore, we expect that in the extremal Kerr black holes in noncommutative spaces the event horizon to be either at r 2 or at r 3 . Considering (21) and (22) we conclude that r 2 and r 3 are complex quantity. To have an event horizon either at r 2 or at r 3 , these quantities must be real. To satisfy the reality property of r 2 and of r 3 , we need ξ = χ. To have ξ = χ, the expression under the square root sign in definition ξ and χ must be zero. It can be easily shown that for L z θ ≪ M 2 and M = a, the expression under the square root sign in definition of ξ and of χ vanishes.
After some calculations, using (21) and (22), we obtain for the extremal Kerr black hole in noncommutative spaces, the event horizon to bê
From this solution for the event horizon of extremal Kerr black hole in noncommutative spaces, we conclude that the correction terms depond on the noncommutativity parameter and also the noncommutativity of space violates rotational symmetry so that our event horizon in noncommutative spaces has a preferred direction. Acknowledgment: F.N. thanks Amir and Shahrokh for useful helps.
